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To localize bypass pathways, left and right ventricular
regions were analyzed at rest by phase image analysis
in 18 patients with ventricular pre-excitation syndromes.
These were compared with image findings in 18 normal
subjects. In each of 17 patients with pre-excitation, the
site localized on electrophysiologic study correlated closely
with the region of earliest ventricular phase angle. This
site could be objectively separated from that in normal
subjects in each of eight patients with an active left-sided
pathway and in both patients with a right-sided pathway.
Those with a septal pathway revealed earliest septal phase
angle, but could not be separated from normal subjects.
In the eight patients with an active left bypass tract, the
onset, upstroke and peak of the left ventricular phase
histogram preceded those of the right ventricular his-
togram. Those with a left-sided pathway demonstrated
The equilibrium multiple-gated blood pool scintigram is an
established noninvasive method of investigating left and
right ventricular size, function and regional wall motion
(1-4). Various parametric or functional images have been
derived from the blood pool scintigram by computer analysis
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a mean left ventricular phase angle, a difference between
mean left and mean right ventricular phase angle and a
difference between earliest left and right ventricular phase
angles which was significantly less than that in normal
subjects (p < 0.05). These variables presented charac-
teristic converse changes in those with a right-sided
pathway.
Sequential phase changes in 10 studies suggested "fu-
sion" of normal septal with lateral bypass fronts.
Electrocardiographic and electrophysiologic localization
of the bypass pathway agreed in only 8 of 14 patients
with a recognized delta wave.
The phase image represents a new, noninvasive method
of evaluating ventricular pre-excitation. The method may
provide useful information complementary to that of
electrocardiographic and electrophysiologic analysis.
(5,6). These include the phase image (7), in which the
fundamental Fourier harmonic fits a cosine curve to the time
versus radioactivity curve of each location in the blood pool
image. The phase image codes the phase angle in gray
shades. The phase angle locates the fitted curve within the
cardiac cycle and represents the time of initial downslope
of the fitted curve on a pixel by pixel basis. Because the
ventricular time versus radioactivity curve approximates its
volume curve (8), the regional phase angle may be inter-
preted to represent an estimate of the onset of ventricular
emptying or contraction in that location of the cardiac image
(9,10).
It has been shown that the pattern of ventricular con-
traction generally follows that of conduction (11). The phase
image relates to patterns of conduction and contraction (12, 13)
and, in the absence of marked contraction abnormalities,
has been shown to reflect the sequence of ventricular acti-
vation in patients with left or right bundle branch block
(14,15) or an implanted cardiac pacemaker (16), and during
sustained ventricular tachycardia (17,18). Wolff-Parkinson-
White syndrome (19) is characterized electrocardiographi-
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cally by a short PR interval and wide QRS complex caused
by the presence of the delta wave resulting from early ac-
tivation of ventricular myocardium by means of an accessory
pathway. Cardiac electrosurgery now permits ablation of
these pathways after their localization by detailed endocar-
dial as well as intraoperative epicardial mapping. This study
provides a preliminary characterization and assessment of
phase imaging for patients with Wolff-Parkinson-White syn-
drome and other pre-excitation syndromes.
Methods
Patient groups. Phase image analysis was performed
on two series of patients studied at rest while in sinus rhythm
by equilibrium blood pool scintigraphy. The first series re-
quired scintigraphy clinically and consisted of 18 random
normal subjects without historical or physical evidence of
cardiac disease, and with a normal 12 lead electrocardio-
gram and blood pool scintigrams demonstrating normal bi-
ventricular wall motion and ejection fraction by our estab-
lished criteria. The second series consisted of 18 consecutive
patients studied scintigraphically for clinical reasons or after
providing informed consent. All had a suggestive or doc-
umented history of ventricular pre-excitation and most had
electrocardiographic evidence of Wolff-Parkinson-White
syndrome. Specifically, 14 patients had a short PR interval
and electrocardiographic delta wave, and all had a history
of repeated tachyarrhythmias.
Study protocol. Electrophysiology and electrocardi-
ography. All 18 study patients underwent electrophysiologic
study within 48 hours of imaging, to document pre-exci-
tation, locate the bypass pathway and optimize drug therapy.
Electrophysiologic studies and phase images were evaluated
by different observers, each blinded to the results of the
other study. A 12 lead electrocardiogram was obtained be-
fore imaging in all cases, but was fully assessed only after
interpretation of the phase image. The location and config-
uration of the delta wave when present were analyzed to
determine its vector and, thus, the entry site of the bypass
pathway according to the criteria of Gallagher et ai. (20).
All electrophysiologic studies were performed in the car-
diac catheterization laboratory after discontinuance of an-
tiarrhythmic medications. Four quadripolar electrode cathe-
ters were inserted into the femoral and subclavian veins and
positioned against the high lateral right atrium, across the
tricuspid valve, at the right ventricular apex and in the distal
coronary sinus. Standard, surface leads V" I, and III and
intracardiac recordings were displayed simultaneously and
recorded at speeds of 100 to 200 mm/s.
A programmable stimulator (Bloom and Associates) pro-
vided incremental atrial and ventricular overdrive pacing as
well as programmed atrial and ventricular extrastimuli, per-
mitting determination of cardiac refractory periods. The se-
quence of retrograde atrial activation during orthodromic
tachycardia or right ventricular pacing was determined as
the tricuspid and mitral anuli were mapped. Pacing studies
were performed serially in three patients to assess the degree
of pre-excitation.
The six standard leads and a modified V5 were monitored
during imaging to document the presence of the conduction
abnormality and the stability of cardiac rhythm and con-
duction during the acquisition period. Three patients were
also imaged during atrial pacing with coincident electro-
physiologic evaluation.
Scintigraphy. Phase image analysis was performed on
equilibrium multiple-gated blood pool scintigrams acquired
on a standard, 37 phototube Searle pho-gamma 5 scintil-
lation camera or a portable Ohio Nuclear series 120 camera
using a linear, all purpose 20° slant-hole collimator and
processed on a PDP 11/40 mini-computer (Digital Equip-
ment Corporation). All normal and study patients were im-
aged, according to our standard methodology (15,16), in
anterior and "best septal" left anterior oblique projections,
while 11 normal and 10 study patients were imaged in the
70° left anterior oblique projection (21) in an effort to trian-
gulate the pattern of scintigraphic findings. Data were ac-
quired in 28 frames and displayed in a 64 x 64 matrix,
interpolated to a 128 x 128 format, smoothed and viewed
on a high quality DeAnza display using 256 gray shades.
Regional left ventricular wall motion was blindly and
objectively assessed from blood pool images in all projec-
tions using a semiquantitative method based on outlines
generated from end-diastolic and end-systolic images. Prior
and recent evaluation of scintigrams in three projections
(22,23) were correlated with ventriculographic findings.
Normal movement of the anterior, posterolateral or inferior
walls represented an excursion greater than 20% and of the
septum greater than 15% of the distance toward the long-
axis. Normal apical motion required an excursion of at least
15% along the length of the long-axis toward the ventricular
base. Normal right ventricular wall motion demonstrated
systolic posterior motion of the anterior wall greater than
20% of the distance separating it from the septum. Normal
left and right ventricular ejection fractions, calculated in our
laboratory according to standard methods (24), were 55%
or greater or 45% or greater, respectively.
Phase image analysis. In each study, phase image anal-
ysis was performed using the fundamental Fourier harmonic
applied to the first 25 frames of the blood pool study ac-
cording to our standard method (15,16), which minimizes
the effects of varying relative diastolic filling periods and
varying heart rates on calculated phase angle (25). The phase
image was displayed and analyzed in steps. Initial obser-
vations were made on the static phase images coded in 256
gray shades to demonstrate the phase angle or regional phase
delay. Black represented earliest phase angle at the R wave
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peak and increasingly lighter shades were assigned to pixels
where the fitted curve demonstrated increasingly delayed
phase angle. The gray scale was rotated through - 54° (0.37T
radians) to prevent the black-white interface in the ventric-
ular region of interest when imperfect curve-fitting methods
resulted in ventricular phase angles of less than 0°. The
ventricular regions appeared in black and dark gray and
atrial regions appeared in light shades, while uncoordinated
regions of background appeared in varying gray shades.
An overview of the pattern of distribution of sequential
phase angles was assessed in each projection by a 16 frame
movie version of the gray scale coded image. Here, pixels
in each of the frames were coded white if its phase angle
was noted to occur in that frame period.
Phase histograms. To gain temporal resolution intrinsic
to the method, we constructed a phase histogram of each
ventricle, relating phase angle on the abscissa to the number
of pixels at each angle on the ordinate, using data obtained
from the best septal left anterior oblique image. The end-
diastolic outline was superimposed on the composite phase
image and used as an objective delineation of ventricular
regions of interest. Movable cursors on the histograms were
used to highlight pixels of any selected region of phase angle
as small as 2.8° and permitted localization of the site of
earliest phase angle and the progression of phase in each
ventricle. Within the ventricular regions of interest, mean
left and right ventricular phase angle, the standard deviation
of ventricular phase angle, the difference between mean left
and right ventricular phase angles, the earliest left and right
ventricular phase angles and their difference were calcu-
lated. To exclude regions of background noise or artifact in
regions of structural overlap, the initial ventricular regions
of interest were redrawn, omitting all pixels with phase
angles larger than that angle at which phase histogram fre-
quency for both ventricles fell below 5% of the peak value
(Fig. 1). In other projections, similar ventricular regions of
interest were approximated.
The sites of earliest left ventricular phase angle and the
pattern of sequential phase angle progression were evalu-
ated in the anterior projection in anterior and apical regions,
while basal, posterolateral, apicoinferior and septal regions
were assessed in the left anterior oblique projections. Se-
quential right ventricular phase changes were assessed in
the left anterior oblique projections in septal, inferoapical,
anterolateral and basal regions. Although overlap of the
ventricles prohibits complete phase analysis in anterior and
70° left anterior oblique projections, knowledge of the re-
lations between regions of the ventricular perimeters permits
triangulation of regions based on a comparison of phase
angles. The anterior and 70° left anterior oblique projections
added localizing information along the ventricular long-axis,
complementing data in the best septal projection along the
ventricular short-axis. In each case, the ventricular region
of earliest phase angle was localized to anterior, posterior,
lateral or intermediate aspects of the right or left ventricle
and anterior or posterior septal regions, and compared with
the interpretation of the 12 lead electrocardiogram.
Statistical methods. Because the distribution of phase
angle in ventricular regions of interest is nonparametric (15),
phase angle data were analyzed nonparametrically, and in-
trapatient comparisons of ventricular phase angle were per-
formed using the Wilcoxon paired sample test. Numerical
values are presented ± standard deviations.
Results
Wall motion and right and left ventricular ejection frac-
tions were normal in all patients studied. Heart rate at the
time of study ranged from 47 to 90 beats/min. Among seven
normal and eight abnormal studies chosen at random from
those acquired, analysis conducted by two blinded observers
on two separate occasions demonstrated an interobserver
variation in left ventricular mean phase angle of 4 ± 2° and
an intraobserver variation of less than 3°. In each case, there
was complete agreement on the site of earliest phase angle
(Tables 1 and 2, Fig. 2).
Patients with normal conduction. Among these 18
subjects, there were 12 men and 6 women with a mean age
of 44 years (range 23 to 77). The phase image showed a
relatively homogeneous dark gray ventricular pattern and
the phase histograms of each ventricle spanned a narrow
range and were closely aligned. There was no significant
difference between the earliest phase angles of right and left
ventricles (2.2 ± 6.7°) or between left (7.2 ± 11 S) and
right ventricular (8.6 ± 11.4°) mean phase angle for the
group. Histogram analysis with movable cursors showed
phase changes in the ventricles to be synchronous, with the
site of earliest left ventricular phase angle in the septum in
all subjects. Equally early phase angle was detected at the
left ventricular base in nine patients and in the inferoapical
region in five patients. Left ventricular phase angle generally
involved multiple contiguous regions and spread in an in-
feroapical and lateral direction. The site of earliest right
ventricular phase angle was also located in the septum in
14 patients, at the base in 9 and in the inferoapical region
in 6 patients. In four patients, the site of earliest right ven-
tricular phase angle did not involve the septum, but in all
normal patients the septum was the site or among the sites
of earliest phase angle. Right ventricular phase angle gen-
erally spread in the superior and lateral direction (Fig. 3).
Patients with pre-excitation syndromes. Among the
18 patients with pre-excitation syndromes, 12 were men and
6 were women with a mean age of 37 years (range 7 to 71).
Electrophysiologic study demonstrated pre-excitation at rest
in all patients except one (Case 19) known from prior study
to have a left pathway. Results of phase image analysis in
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Table 1. Patient Data "'<tTl-§:~
Age (yr) :>~- - - - - - Cl tTlCase & Sex HR LVEF LVcP SLVcP RVcP SRVcP ~<f>(LV-RV) ~cP Onset(LV-RV) Location of Bypass Pathway tTl...,
Patients With Nonnal Conduction ECG
ZF:
Phase Image EPS -c.;0
tTl
I 43F 63 63 13.5 5.5 12.2 7.7 1.3 2.8 m><
2 45M 61 65 5.4 7.5 0.1 9.6 5.3 5.6 n=i
3 29M 59 70 -8.7 10.5 -10.3 13.2 1.6 5.6 :>
4 55M 90 66 18.5 9.6 24.1 14.4 -5.6 -8.4 ::l0
5 77F 69 66 13.2 7.8 12.1 10.1 l.l 5.6 z
6 46M 58 73 -11.6 7.2 -9.2 11.3 -2.4 0.0
7 23F 56 67 -6.9 15.2 -4.7 15.0 2.2 5.6
8 35M 59 59 -5.1 12.0 4.2 13.1 -9.3 0.0
9 34F 65 56 13.4 8.2 8.6 10.8 4.8 8.4
10 42M 71 86 7.3 5.5 13.9 17.3 -6.6 2.8
II 36M 71 62 12.6 5.9 11.9 11.6 0.7 -2.8
12 67F 58 66 14.3 7.1 7.1 8.4 7.2 8.4
13 47F 67 60 25.7 10.1 29.9 15.1 -4.2 -5.6
14 45M 70 69 2.2 10.2 5.3 16.3 -3.1 2.8
15 48M 67 62 8.2 6.1 14.3 9.3 -6.1 0.0
16 42M 90 57 20.9 11.3 23.2 Il.l -2.3 2.8
17 52M 86 76 8.4 7.1 11.8 7.2 -3.4 0.0
18 32M 53 66 -2.8 7.0 4.5 16.7 -7.3 5.6
Mean 44 67 67 7.2 8.6 8.8 12.0 I.5 2.2
±SD II.5 11.4 11.5 2.9 4.9 6.7
Patients With Pre-excitation Syndromes
No bypass identified
19 21M 65 63 -8.6 10.2 10.3 9.6 I.7 -2.8 No delta wave Ant septal None identified
Left bypass pathway
20 40M 60 64 7.5 12.9 Il.l 13.4 -4.6 -8.4 No delta wave LT Lat LT Lat
21 71M 62 55 -15.6 15.0 l.l 13.0 -16.7 -5.6 LT Ant Lat LT Lat LT Lat
22* 59F 55 62 -25.3 9.6 -20.5 9.8 4.8 -5.6 LT ant septal or Lat LT Lat LT Ant Lat
144 -32.4 10.4 -18.6 11.9 - 13.8 -19.6 Unchanged Unchanged Unchanged
23 20M 70 62 -8.1 13.8 -6.4 16.7 - 1.7 -5.6 RT or LT Ant Lat LT Lat LT Ant Lat
24 7F 85 72 -4.2 18.4 20.6 17.7 -24.8 -36.6 No delta wave LT Post Lat LT Post Lat
25 22M 66 65 -13.4 I I.7 -15.6 11.5 -2.2 -5.6 LT Post Lat LT Post Lat LT Post Lat
:s:: .....
'" :><l n::r-n
-<~2.....
~w
-0 •
!~
:;:w
*The top row shows data at rest; the bottom row, data during pacing. t Excluding data with atrial pacing. ~({J (LV-RV) = difference between mean left and right
ventricular phase angle; ~ onset (LV-RV) = difference between the earliest left and right ventricular phase angles; Ant = anterior location of bypass pathway; ECG =
electrocardiographic localization of bypass pathway; EPS = location of bypass pathway determined on electrophysiologic study; HR = heart rate; Lat = -,-ateral location
of bypass pathway; LGL = Lown-Ganong-Levine syndrome; LT = left location of bypass pathway; LVEF = left ventricular ejection fraction (o/c); LVq:, = mean left
ventricular pha~ angle; Post = posterior location of bypass pathway; ~T = right location of bypass pathway; RV;r; = mean right ventricular phase angle; SO = standard
deviation; SLYq:, = standard deviation of left ventricular phase; SRV q:, = standard deviation of right ventricular phase.
Location of Bypass Pathway
Table 1. Patient Data (continued)
Age (yr)
Case & Sex HR LVEF LVq:, SLVq:, RVq:, SRVq:, ~</:>(LV-RV) ~q:, Onset(LV-RV)
Patients With Pre-excitation Syndromes
26 44F 70 59 9.7 15.1 -16.0 17.8 -6.3 -11.2
27 21M 90 56 -12.7 14.5 4.6 17.4 -17.3 -5.6
Meant 36 70 62 -7.9 14.0 1.4 14.7 -8.3 -11.9
± SO 11.6 2.5 14.4 3.1 9.8 11.4
Septal bypass pathway
28 31F 80 58 -4.6 8.1 -12.8 19.8 8.2 -2.8
29* 54M 75 70 0.2 12.9 7.5 9.6 -9.3 2.8
140 8.9 20.8 -20.0 20.6 11.9 5.6
30 39M 47 55 18.7 10.7 20.4 13.4 - 1.7 0.0
31 16M 55 64 13.7 15.6 9.9 14.2 3.8 -2.8
32 65M 60 60 -11.7 9.0 -21.5 7.7 9.8 5.6
33 17M 90 66 -8.7 7.8 -12.7 6.9 4.0 5.6
34 63M 90 72 -11.1 14.4 -6.3 16.1 -4.8 2.8
Meant 41 70 63 -0.5 11.2 - 1.6 11.2 1.9 1.6
± SO 12.2 3.1 14.9 3.5 6.8 3.6
Right bypass pathway
35 21F 95 67 17.3 14.9 -21.4 15.0 38.7 33.2
36* 57F 85 59 -5.3 8.8 -5.5 15.2 0.4 8.1i
141 7.3 10.4 -10.2 17.3 17.5 25.2
Meant 39 90 63 6.0 11.9 -14.4 15.1 19.5 20.9
± SO 16.0 4.3 11.2 0.1 27.2 17.4
ECG
LT Ant Lat
LT Post Lat
RT Lat
No delta wave
Unchanged
RT Lat or
post-septal
Post-septal
Post-septal
Post-septal
Post-septal
RT Lat
RT Lat or
post-septal
Unchanged
Phase Image
LT Ant Lat
LT Post Lat
Ant septal
Post-septal
Unchanged
Post-septal
Post-septal
Post-septal
Post-septal
Post-septal
RT Lat
RT Lat
Unchanged
EPS
LT Ant Lat
LT Post Lat
Post-septal
Post-septal (LGL)
Unchanged
Post-septal
Post-septal
Post-septal
Post-septal
(MAHAIM)
Post-septal
(MAHAIM)
RT Lat
RT Lat
Unchanged
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Figure 1. Phase method. Top row (A), left to right,
are the phase image, phase histograms for the left
ventricular (white) and right ventricular (black) re-
gions of interest drawn on the phase image, and the
composite blood pool scintigram with ventricular re-
gions similarly outlined. To exclude regions of back-
ground noise at ventricular edges or artifacts in re-
gions of structural overlap, the phase histogram was
employed to identify phase angles larger than that
angle at which the phase histogram frequency for both
ventricles decreased to below 5% of the peak value,
shown in dark gray on the histogram in the center
row (B). Pixels with phase angles larger than this
value, which appear in the identified ventricular re-
gions of interest, are highlighted in white on the
adjacent phase image (B, left panel). In the lower
row (e), ventricular regions have been redrawn in
the phase image to exclude such highlighted pixels.
The resultant phase histogram demonstrates a flat-
tened baseline with loss of low frequency variations
at higher phase angles.
this patient, included initially in the group with Wolff-Par-
kinson-White syndrome, was considered consistent with
normal. Each patient with pre-excitation documented on
electrophysiologic study had a single bypass pathway, eight
with a left pathway, seven with a septal pathway and two
with a right pathway.
Patients with a left-sided bypass pathway. Eight pa-
tients (Cases 20 to 27) demonstrated electrophysiologic evi-
dence of a left-sided bypass pathway. In all cases, the phase
image of each ventricle appeared homogeneous, but aspects
of the left ventricle were darker than those of the right ven-
tricle. The site of earliest phase angle always involved a
left ventricular region other than the septum, and the onset
and upstroke of the left ventricular phase histogram preceded
those of the right ventricle. Earliest phase angle appeared in
the lateral regions of each left ventricle. However, mean
left ventricular phase angle and the difference between mean
left and right ventricular phase angles were significantly less
than those in normal subjects in only four patients with a
left-sided pathway, and the difference between earliest left
and right ventricular phase angle was significantly smaller
than normal in five of these patients. Taken as a group,
mean left ventricular phase angle (- 7.9 ± II. 6°), the
difference between left and right ventricular phase angles
( - 8.3 ± 9.8°) and the difference between the earliest left
and right ventricular phase angles ( - I 1.9 ± I I .4°) were
significantly less than these same values in the norma] sub-
jects (p < 0.05).
Well demarcated regions with progressively increasing
phase angle were often seen to radiate from the left focus
and from a somewhat later septal location, joining in a
region, or band, of latest phase angle. Although multiple,
small, closely related regions of merging phase fronts were
also seen in normal subjects, the visual impact of such
progressive phase changes in two large, separate areas sug-
gested an independent progression of contraction sequence
in these regions. Their subsequent merging was visually
evident in five patients with a left and both patients with a
right bypass pathway and appeared to represent the phase
image counterpart of electrophysiologic fusion (Fig. 4 and
5). On blinded analysis, there were two patients with a
documented left lateral bypass pathway but without a rec-
ognizable delta wave at rest.
Each left-sided focus was triangulated and corresponded
generally with the findings on electrophysiologic study (Fig.
6 and 7). Localization of the bypass pathway in two patients
showed minor disagreement with the specific electrophys-
iologic localization. The electrocardiographic delta wave
disagreed with electrophysiologic pathway localization or
presented ambiguities in three patients.
Patients with a septal bypass pathway. Seven patients
(Cases 28 to 34) demonstrated electrophysiologic evidence
of a septal pathway. One of these patients with no delta
wave showed electrophysiologic findings consistent with the
Lown-Ganong-Levine syndrome, and two had Mahaim fi-
bers. In each study, the phase image showed homogeneous
left and right ventricular regions of similar gray shade, and
the septum was the site of earliest phase angle. In one
patient, localization within the septum was inaccurate and
for the group mean left ventricular phase angle (-0.5 ±
12.2°) was significantly smaller than that in normal subjects
(p < 0.05). However, individual patients could not be so
well differentiated, and there was also no difference in mean
right ventricular phase angle or the differences between
lACC Vol. 3. No.3
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Table 2. Phase Image Findings on Pre-excitation
lie/> Site of
Bypass - Onset Earliest Course of
Pathway lie/> (LV-RV) (LV-RV) Phase Angle Progression
Left Negative Negative Left lateral Left to
lateral right
Right Positive Positive Right lateral Right to
lateral left
Septal Variable Variable Septal Together
Abbreviations as in Table I.
mean left and right ventricular phase angle or earliest left
and right ventricular phase angle onset either for individual
patients or for the patients as a group. Although the septal
site of earliest phase angle corresponded well with the elec-
trophysiologic site, these patients, unlike those with left-
and right-sided pathways, could not be objectively separated
from the normal group. Electrocardiographic localization of
the bypass pathway was correct in four of the six patients
with a delta wave, but in two patients was inaccurate and
ambiguous when compared with electrophysiologic study.
Patients with a right-sided bypass pathway. Two pa-
tients (Cases 35 and 36) demonstrated electrophysiologic
evidence of a right-sided bypass pathway. In both patients,
the phase image revealed a darker right than left ventricle
and the site of earliest phase angle involved a region of the
right ventricle other than the septum. In both patients, the
onset and upstroke of the right ventricular phase histogram
preceded those of the left. Taken together, these patients
demonstrated a lower mean right ventricular phase angle
( - 14.4 ± 11.2°) and a greater difference between mean
left and right ventricular phase angles (19.5 ± 27.2°) and
between earliest left and right ventricular phase angles (20.9
± 17.4°) than in normal subjects, although not significantly
so because of the small numbers involved. Sequential phase
variation progressed in both patients from the anterior focus
in a posterior direction, merging over the right ventricle
with the phase front likely arising in the septum. Electro-
physiologic assessment in these patients corroborated the
image findings of a right lateral bypass pathway. The surface
electrocardiogram was consistent with the mapped location
in Patient 35, but presented ambiguous findings in Patient
36 (Fig. 8 and 9).
Imaging was conducted during rapid atrial pacing in
each of three patients. This tended to maximize the degree
of pre-excitation and increase the relative prematurity of the
pre-excitation focus consistent with electrophysiologic find-
ings. In Patient 36 with a right-sided pathway, phase angle
increases at rest from the earliest site in the right ventricular
wall to a somewhat later, presumably normal, septal site
Figure 2. Summary of phase data in patients with normal con-
duction and in those with a left, septal or right bypass pathway.
Abbreviations as in Table I.
25
20
15
-10
-15
-20
*
*LV0
~Normal
~ Left bypass
a Septal bypass
., Right bypass
* P<0.05
SLV0 RV0 SRV0
*
60(LV-RV) 60 ONSET
(LV - RV)
ANT
B
Figure 3. Patient I: normal conduction and contraction. A, Se-
quential phase images performed in the anterior projection. In each
panel, the estimated left ventricular region of interest and the right
ventricular region of interest are outlined. Phase angle is indicated
by the gray scale in which increasingly lighter shades represent
increasing phase angle. In this normal patient, both ventricles
appear as homogeneous dark gray shades. The atria appear in
light shades superior and to the left of the ventricles, while the
background has random phase variation and appears in a "salt and
pepper" distribution. The phase histograms for the left ventricle
(white) and right ventricle (black) appearing below each image
have been normalized to peak values within the respective regions
of interest. In this normal patient, histograms are nearly coincident
with that of the right ventricle narrowly preceding that of the left
ventricle. Cursors bracketed by a gray band superimposed on the
histograms indicate the sampling window in each case. Those
locations within the respective ventricular regions of interest that
demonstrate phase angle between the limits set by the cursors
appear white on the images above. Images in each panel labeled
1 to 4 have been constructed using cursor intervals through the
cardiac cycle to best demonstrate the sequential phase changes. In
this case, the mid and apical left ventricle and basal regions of the
right ventricle appear to have the earliest phase angle. Subse-
quently, synchronous changes are seen in the two ventricles. Ac-
cording to the same format, sequential phase changes are illustrated
for the same patient in "best septal" (row 3) and 70° left anterior
oblique (bottom row) projections. The histogram for the respective
ventricular regions of interest in each projection are shown to the
left in each row. Here, septal regions (arrow points) are among
those with earliest phase angle, and regional progression of phase
angle in ventricular regions of interest is again quite synchronous.
B, Diagrammatic representations of the sequential phase changes
in the anterior (ANT), "best septal" (8S), left anterior oblique
(LAO) and 70° left anterior oblique projections. Just as in the
phase image, darker gray shades represent earlier phase angles.
Although phase angle resolution is not nearly as great as that of
the phase image itself, the illustration demonstrates earliest phase
changes in the region of the septum, apex and right ventricular
base, with subsequent synchronous changes in the two ventricles.
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the basal aspect of the left lateral left ventricular wall (clear arrow,
left frame). Progressive phase variation involves the region of the
septum and the remainder of the left ventricle, while regions of
the right ventricle show the latest phase angle (right panel). His-
tograms have not been normalized here. C, Diagrammatic rep-
resentations of the phase changes in "best septal" (BS) left anterior
oblique (LAO) and 70° LAO projections. Again, the darkest gray
shades represent the sites of earliest phase angle and are seen to
localize in the region of the left lateral and basal ventricular walls.
Figure 4. Patient 20: left lateral bypass pathway, no delta wave.
Sequential phase images and associated ventricular phase histo-
grams (panels 1 to 5) obtained at rest from a patient with a left
lateral bypass pathway documented at electrophysiologic study but
without an evident delta wave at rest. A, "Best septal" projection.
Both ventricles appear homogeneously dark gray, but close com-
parison reveals darker shades in the left ventricular region of in-
terest. Similarly, the ventricular phase histograms are closely aligned
at their onset, but the right ventricular histogram (black) is overall
later than that of the left ventricle, possibly indicating relatively
earlier left ventricular contraction. Sequential sampling revealed
the site of earliest phase angle in the left ventricular basal region
followed closely by the septum (arrow points, panels 2 and 3)
in this projection. Subsequent phase changes spread to involve left
posterolateral and paraseptal regions of both ventricles (black and
open arrows, respectively, panel 4). PanelS demonstrates the
regions with greatest phase angle. In the left ventricle, this involves
a left paraseptal region (black arrow). The dynamic display of
phase variation reveals progression from both septal and lateral
regions, merging in this region of greatest phase angle. Merger of
such coherent phase fronts, originating from normal and bypass
pathways, could represent the image parallel of electrophysiologic
fusion, B, 70° left anterior oblique projection. The left ventricular
phase histogram (white) more obviously precedes that of the right
ventricle, and the site of earliest phase angle is clearly located in
c
BS-LAO LAO-7QO
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Figure 5. A 12 lead electrocardiogram in the same patient as in
Figure 4. Although the R wave appears slurred in lead V4 and the
PR interval appears short in some leads, independent blinded eval-
uation failed to identify a delta wave in this and one other patient
with a left lateral pathway documented on electrophysiologic study.
(Fig. 8). These fronts merge over the mid-right ventricle.
With pacing, left-sided phase angles appear relatively de-
layed compared with right-sided values. The region of latest
ventricular phase angle, presumably the site where phase
fronts originating from bypass and normal pathways merge,
now lies in a band-like region on the left side of the septum
and includes a region of the right ventricular base. Pacing
(Fig. 9) brought a shift in the region of latest phase angle
away from the site of the bypass pathway and increased the
difference between the earliest right and left ventricular
phase angles, owing to the enhanced pre-excitation of atrial
pacing. The electrophysiologic findings, a significantly wid-
ened delta wave and a reduced HQ interval testified to the
increased level of pre-excitation. The image findings strongly
suggest a visual counterpart of the electrophysiologic phe-
nomenon of fusion. Another paced patient with a left-sided
pathway (Case 22) demonstrated a pacing-induced reduction
in the difference between earliest left and right ventricular
phase angles, while the third patient so studied (Case 29)
had a septal pathway and demonstrated a pacing-induced
increase in the prematurity of right ventricular mean phase
angle, without a significant change in the difference between
earliest left and right ventricular phase angles.
Discussion
Advantages of phase image analysis. The phase angle
is not specifically related to the time of contraction onset,
but represents the peak of the fitted first harmonic curve or
that point at which regional counts begin to decrease. The
phase image, then, can be loosely interpreted to represent
the sequential pattern of ventricular contraction of the digital
blood pool image on a pixel by pixel basis. Because cardiac
mechanical activity closely follows electrical activity (II),
the phase image would be expected to mirror the pattern of
electrical conduction in the absence of primary contraction
abnormalities. The sequence of ventricular depolarization
in human subjects has been well documented (27), and the
phase image appears to parallel the conduction sequence in
patients with normal conduction, an implanted pacemaker
and bundle branch block (13-16). Chan et al. (28) recently
presented their assessment of phase images generated in 10
patients with pre-excitation. Similar to our study, they found
an excellent correlation between the site of earliest phase
angle and the mapped pre-excitation focus. However, only
visual assessment was employed to evaluate a relatively
coarse method of phase analysis, which was applied in only
the single best septal left anterior oblique projection to a
group of patients that did not all undergo electrophysiologic
study. We performed a refined method of phase analysis in
a well characterized group of patients with pre-excitation
syndrome. Although other noninvasive methods have been
used to localize the bypass pathway, none demonstrate the
objectivity and relative ease inherent in the phase image
method. Both precordial electrocardiographic mapping and
echocardiography are tedious, difficult and prone to error
(29-31). Simple analysis of the surface electrocardiogram
provides a certain level of ambiguity and does not provide
visual information regarding the sequential contraction pat-
tern. Blood pool analysis of segmental motion is simplified,
objectified and made more accurate by the functional visual
nature of the phase image (32).
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Figure 6. Patient 21: left lateral bypass pathway with delta wave.
Sequential changes in phase image (top) and phase histograms
(bottom). A, "Best septal" (BS) left anterior oblique (LAO) pro-
jection. Again, the left ventricular phase histogram (white) pre-
cedes that of the right ventricle, and the white arrows in the initial
two panels indicate the sites of earliest phase angle in the lateral
left ventricular wall. B, Anterior projection. The site of earliest
phase angle corresponds here to a location high along the basal
aspect of the free left ventricular wall, as expected from the findings
in left anterior oblique projections. C, 70° left anterior oblique
(LAO) projection. Again, the sites of earliest phase angle are
localized to the basal and lateral left ventricular regions (arrows
at left). D, Diagrammatic sketches of sequential phase changes in
anterior (Ant.), "best septal" (BS) and 70° left anterior oblique
(LAO) projections. The changes summarize those illustrated in the
actual phase images and show the site of earliest phase angle to
be in the region of the left lateral wall with subsequent left ven-
tricular and latest right ventricular phase angles.
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Figure 7. A, A 12 lead electrocardiogram from the same patient
as in Figure 6. Although a clear delta wave is apparent, the location
of the delta wave is more consistent with a left anterior bypass
location. B, Simultaneous surface leads VI and I together with
recordings from the high atrium (HRA), distal coronary sinus
(CSd), low atrial septum and the His bundle electrogram (HBE)
are shown during orthodromic atrioventricular reentrant tachy-
cardia. The sequence of retrograde atrial activation can be deter-
mined by noting the ventricular (V)-atrial (A) conduction time.
During tachycardia, the atrial electrogram recorded from the distal
coronary sinus preceded those from all other recorded positions in
the atria, confirming the presence of a left lateral atrioventricular
accessory pathway. VA conduction times are noted. C, Diagram-
matic cross section of the heart at the level of the atrioventricular
groove. Indicated are representative regional VA conduction times
actually mapped at electrophysiologic study. The shortest interval,
100 ms, corresponds to the lateral left ventricular location deter-
mined above.
Problems of phase image analysis. Certain inherent
errors exist in the production of the phase image. The curve
fit is only an approximation of the true data. In addition to
inaccuracies of curve fitting, the method provides only a
relative expression of the sequential contraction pattern,
employing the time of global left ventricular end-systole as
the reference point. The counts data themselves are subject
to errors due to cardiac wall motion, overlapping structures
and other causes. Although absolute values for phase angle
were calculated using the best septal left anterior oblique
projection, determination of the site of earliest phase angle
and the pattern of phase progression was aided by assess-
ment in other projections. Here, the point of earliest phase
angle was triangulated using knowledge of cardiac anatomy
to make valid assumptions regarding the possibilities of
structural overlap. Because atrial regions have larger phase
angles than normal ventricular regions, contamination of a
ventricular region with another ventricular or atrial region
would add some degree of phase delay. As we were here
seeking the site of earliest phase angle, this might obscure
a limited region from consideration. The site of earliest
phase angle would then be recognized as an adjacent or,
less likely, a remote site. If shifted to an adjacent area, such
artifact of superimposition would result in only a minor
spatial displacement, while shift to a remote site could lead
to gross bypass localization errors. Such possibilities must
be considered. As a result of the curve-fitting method, di-
astolic features can affect the absolute timing of contraction
lACC Vol. 3. No.3
March 1984:799-814
BOTVINICK ET AL.
PHASE IMAGE IN PRE·EXCITATION
811
Figure 8. Patient 36: right bypass pathway, atrial pacing study.
A, "Best septal" (BS) left anterior oblique (LAO) projection at
rest. The right ventricular phase histogram (black) narrowly pre-
cedes that of the left ventricle and the site of earliest phase angle
is again localized to anterior and lateral aspects of the right ventricle
(arrows, left panels). However, left ventricular changes are seen
relatively early. and the regions of greatest phase angle. repre-
senting the last ventricular regions to demonstrate contraction on-
set, are localized to paraseptal and right basal areas in this pro·
jection (arrow, right panel). B, Same projection during atrial
pacing at a rate of 140 beats/min. Here, the right ventricular phase
histogram is seen to greatly precede that of the left ventricle as
do the right ventricular phase angles. Again, the site of earliest
phase angle appears in the anterior and lateral right ventricular
region (black arrows, left panels). However, with atrial pacing,
left ventricular phase angles are relatively delayed, and left ven-
tricular changes are seen to occur after right ventricular changes
are nearly complete. The band of latest phase angle is now shifted
left (arrow, right panel). This pattern corresponds to the e1ec-
trophysiologic documentation of augmented conduction through
the bypass pathway with increased relative prematurity of electrical
and mechanical events on the right side. C, Diagrammatic sketches
of sequential phase changes in the "best septal" left anterior oblique
(LAO) projection at rest (left) and during rapid atrial pacing.
Again. darker gray shades represent earlier phase angles. As
noted in the preceding phase images from which these illustrations
are derived, the anterolateral aspects of the right ventricle dem-
onstrate earliest phase angle both at rest and with pacing. However,
right-sided phase angles are relatively earlier than their left-sided
counterparts with atrial pacing as conduction to the bypass pathway
predominates. As would be expected by such augmentation to the
bypass pathway. the region of latest phase angle is seen to shift
leftward with atrial pacing. The smaller size of the projected ven-
tricular silhouettes during atrial pacing is consistent with the dim-
inution in ventricular volumes which occurs.
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Figure 9. Same patient as in Figure 8. Records during atrial pacing
at 120 (top) and 140 (bottom) beats/min, respectively. Each figure
demonstrates simultaneous surface leads V" I and III, as well as
recordings from the high right atrium (HRA), low atrial septum
and the His bundle electrogram (HBE). Time lines representing I
second intervals are indicated as are the intervals between atrial
pacing stimuli. An increase in atrial pacing rate produced aug-
mentation of conduction through the right-sided bypass pathway.
Such predominance of conduction through the bypass pathway is
reflected by a progressive widening of the QRS complex and in-
creased prematurity of ventricular activation (V) as the HV interval
moved from 20 to - 10. Ventricular activation actually preceded
His bundle activation at the more rapid pacing rate and enhanced
pre-excitation. Such sequential electrophysiologic changes directly
parallel image findings in this case.
onset. Our analytic method serves to minimize curve vari-
ation and resultant errors in phase assessment due to relative
changes in the duration of diastole with varying heart rates
(25) while preserving the contribution of systole. Systolic
evaluation was of greatest interest in this study, seeking to
localize the onset of contraction. Higher level Fourier trans-
forms and alternative methods of curve fitting have been
suggested (33), but do not overcome all intrinsic problems,
nor have they provided more accurate results.
Erroneous inclusion of background regions at ventricular
edges or phase artifacts at regions of structural overlap would
significantly and unpredictably alter phase angle measure-
ments. Because such regions generally involve pixels with
phase angles significantly greater than mean ventricular val-
ues, they would not be expected to alter our assessment of
earliest phase angle, but would more likely increase mean
and standard deviation values. Nevertheless, a specific method
of noise exclusion was employed to minimize such difficulties.
Advantages over electrophysiologic and surface
electrocardiographic study. The technique proved highly
accurate for the localization of the region of ventricular
excitation documented on electrophysiologic study and
suggested an advantage over localization by surface elec-
trocardiogram. Among 11 of 14 patients with delta wave,
and in each of 3 patients without an evident delta wave, the
site of earliest phase angle closely correlated with the site
of pre-excitation in patients with a bypass pathway of widely
varying location. In three patients in whom image localiza-
tion differed somewhat from that of electrophysiologic study,
the limits of the invasive mapping study must also be realized.
Abnormal focus of earliest phase angle. The principal
feature of phase analysis that separated normal subjects from
patients with pre-excitation was the abnormal focus of ear-
liest phase angle. Because the septum was always seen to
be among the foci of earliest phase angle, earliest sites not
involving the septum and not accompanied by septal acti-
vation were considered abnormal. For this reason, septal
pathways were well localized but could not be blindly dif-
ferentiated from normal conduction pathways. Group values
often separated patients with left, septal and right bypass
pathways on the basis of phase characteristics. However,
there was a significant overlap with normal values, likely
related to the degree of pre-excitation.
The varying difference in phase angle noted between the
ventricular site of a bypass pathway and sites activated in
the normal sequence could relate to: 1) the relative speed
of conduction for the bypass and normal pathways, 2) the
degree of pre-excitation, and 3) the proximity of the bypass
pathway to the normal pathway. These are the same factors
that influence the appearance of the delta wave. Observa-
tions may be made regarding varying levels of pre-excitation
as illustrated in those patients studied both at rest and with
atrial pacing.
Localization of ventricular activation. The electrocar-
diographic identification of pre-excitation and of a delta
wave can itself prove difficult as shown in Figure 5. Unlike
the 12 lead electrocardiogram or vectorcardiogram, the graphic
nature of the phase image provides the opportunity to iden-
tify the independent components of ventricular contraction
and activation. Image localization appeared at least as good
as the surface electrocardiogram, which failed to prove ac-
curate in 6 of 14 patients with an obvious delta wave.
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In the majority of patients with a left, and in both patients
with a right bypass pathway, the confluence of separate
broad "phase fronts" suggested simultaneous ventricular
activation stimulated by both normal and bypass pathways
and gave the visual appearance of fusion (34). The discrete
organized nature of these bands suggest that such "phase
fusion" is the image analog presenting the mechanical cor-
relate of the electrophysiologic event (Fig. 4). In three pa-
tients imaged at rest and during atrial pacing (Fig. 8 and
9), image changes paralleled those of the electrophysiologic
study.
Implications. Phase imaging could be of value before
electrophysiologic mapping to document the site of the by-
pass tract, assist in planning the study or aid in subsequently
directing a surgical approach. The scintigraphic method per-
mits accurate identification of an anterolateral bypass tract,
a difficult area to map electrophysiologically, from a right
heart approach (35). Phase image analysis is a simple, non-
invasive imaging technique that has great potential as a tool
in the clinical investigation of abnormalities of cardiac elec-
trical conduction.
References
I. Rigo p. Murray M, Strauss HW, Pitt B. Scintiphotographic evaluation
of patients with suspected left ventricular aneurysm. Circulation
1974;50:985-91.
2. Slutsky R, Karliner J, Ricci 0, et al. Left ventricular volumes by
gated equilibrium radionuclide angiography: a new method. Circu-
lation 1979;60:556-64.
3. Okada RD, Kirshenbaum HD, Kushner FG, et al. Observer variance
in the qualitative evaluation of left ventricular wall motion and quan-
titation of left ventricular ejection fraction using rest and exercise
multigated blood pool imaging. Circulation 1980:61:128-36.
4. Sharpe N, Botvinick E, Shames 0, et al. The noninvasive diagnosis
of right ventricular infarction. Circulation 1978;57:483-90
5. Maddox DE, Holman BL, Wynne J, et al. Ejection fraction image: a
noninvasive index of regional left ventricular wall motion. Am 1 Car-
dioI1978;41:1230-8.
6. Holman BL, Wynne J, Idoine J, Zielonka J, Neill J. The paradox
image: noninvasive index of regional left ventricular dyskinesis (abstr).
J Nucl Med 1979;20:661.
7. Verba JW, Bomstein I, Alazraki NP. et al. Onset and progression of
mechanical systole derived from gated radionuclide techniques and
displayed in cine format (abstr). J Nucl Med 1979;20:625.
8. Green MV, Ostrow HG, Scott RN. Douglas MA. Bailey 11. Johnston
GS. A comparison simultaneous measurements uf systolic function in
the baboon by electromagnetic flowmeter and high frame rate ECG-
gated blood pool scintigraphy. Circulation 1979;60:312-9.
9. Adam WE, Tarkowska A, Bitter F, Stauch M, Geffers H. Equilibrium
(gated) radionuclide ventriculography. Cardiovasc Radiol
1979;2:161-73.
10. Links IN. Douglass KH, Wagner HN Jr. Patterns of ventricular emp-
tying by Fourier analysis of gated blood pool studies. J Nucl Med
1980;21:978-82.
II. Hotta S. The sequence of mechanical activation of the ventricle. Jpn
Circ J 1967;31: 1568-72.
12. Botvinick E. Dunn R, O'Connell W, Shosa 0, Herfkens R. Scheinman
M. The phase image: its relationship to patterns of contraction and
conduction. Circulation 1982;65:551-60.
13. Pavel 0, Swiryn S, Lam W, Byrom E, Sheikh A, Rosen K. Ventricular
phase analysis of radionuclide gated studies (abstr). Am J Cardiol
1980:45:398.
14. Swiryn S, Pavel D. Byrom E, et al. Sequential regional phase mapping
of radionuclide gated biventriculograms in patients with left bundle
branch block. Am Heart J 1981;102:1000-10.
15. Frais M, Botvinick E, Shosa 0, et al. Phase image characterization
of ventricular contraction in left and right bundle branch block. Am
J Cardiol 1982:50:95-105.
16. Botvinick EH, Frais MA, Shosa OW, et al. An accurate means of
detecting and characterizing abnormal patterns of ventricular activation
by phase image analysis. Am J Cardiol 1982;50:289-98.
17. Swiryn S. Pavel 0, Byrom E, et al. Sequential regional phase mapping
of radionuclide gated biventriculograms in patients with sustained
ventricular tachycardia: close correlation with electrophysiologic char-
acteristics. Am Heart J 1982;103:319-32.
18. Botvinick E, Scheinman M, Morady F. et al. The scintigraphic as-
sessment of sequential changes in ventricular volume, function and
contraction pattern during ventricular tachycardia (abstr). J Am Coli
Cardiol 1983; 1:711.
19. Wolff L. Parkinson 1. White PD. Bundle branch block with short
P-R interval in healthy young people prone to paroxysmal tachycardia.
Am Heart J 1930:5:621-45.
20. Gallagher 11. Svenson RH. Sealy WC, Wallace AG. The Wolff-
Parkinson-White syndrome and the pre-excitation dysrhythmias. Med-
ical and surgical management. Med Clin North Am 1976:60: 101-23.
21. Freeman M. Berman D. Staniloff H, et al. Improved assessment of
inferior segmental wall motion by the addition of 70° left anterior
oblique view in multiple gated equilibrium scintigraphy. Am Heart J
1981 ;10 I:169-73.
22. Rahimtoola S. Botvinick E, Perez-Gonzalez 1. et al. Biplane geometric
ventricular volumes from combined first-transit equilibrium radio-
nuclide ventriculography (abstr). Circulation I979;59;60(suppl 11):11-
268.
23. Greenberg BH. Drew D. Botvinick EH. et al. Evaluation of left ven-
tricular performance by gated radionuclide angiography. Clin Nucl
Med 1980:5:245-52.
24. Maddahi 1. Berman OS. Matsuoka DT, et al. A new technique for
assessing right ventricular ejection fraction using rapid multiple-gated
equilibrium cardiac blood pool scintigraphy: description, validation,
and findings in chronic coronary artery disease. Circulation
1979;60:581-9.
25. O'Connell W. Shosa D. Frais M. Botvinick E. Faulkner D. Hattner
R. Symmetry violation errors in first Fourier harmonic phase analysis
(abstr). Am J Cardiol 1982;49:1045.
26. Touboul P. Tessier Y. Magrina J, Clement C, Belahaye JP. His bundle
recording and electrical stimulation of atria in patients with Wolff-
Parkinson-White syndrome. type A. Br Heart J 1972;34:623-30.
27. Durrer D. Electrical aspects of human cardiac activity: a clinical phys-
iological approach to excitation and stimulation. Cardiovasc Res
1968;2: 1-18
28. Chan WWC, Calff V, MacDonald 0 II, Rabinovitch MA. Thrall JH,
Pitt B. Topography of pre-emptying ventricular segments in patients
with Wolff-Parkinson-White syndrome using scintigraphic phase map-
ping and esophageal pacing. Circulation 1983:67: 1139-47.
29. Spach MS. Barr RC, Lanning CF. Experimental bases for QRS and
T wave potentials in the WPW syndrome. The relation of epicardial
body surface potential distributions in the intact chimpanzee. Circ Res
1978;42: 103-18.
30. DeMaria AN. Vera Z. Neumann A, Mason DT. Alterations in ven-
tricular contraction pattern in the Wolff-Parkinson-White syndrome:
detection by echocardiography. Circulation 1976;53:249-57.
814 BOTVINICK ET AL.
PHASE IMAGE IN PRE-EXCITATION
lACC Vol. 3, No.3
March 1984:799-814
31. DeMaria AN, Mason DT. Echocardiographic evaluation of distur-
bances of cardiac rhythm and conduction (editorial). Chest
1977;71:439-40.
32. Ratib 0, Henze E, Schon H, Schelbert HR. Phase analysis of radio-
nuclide ventriculograms for the detection of coronary artery disease.
Am Heart J 1982;104:1-12.
33. VonBehren PL, Groch MW, Turner DA. Least-square filling of sin-
usoidal function in the baboon by electromagnetic flowmeter and high
frame rate ECG-gated blood pool scintigraphy. Circulation
1979;60:312-9.
34. Wyndham CR, Meeran MK, Smith T, et al. Epicardial activation of
the intact human heart without conduction defects. Circulation
1979;59: 161-8.
35. Gallagher 11, Gilbert M, Svenson RH, Sealy we, Kassell J, Wallace
AG. Wolff-Parkinson-White syndrome: the problem, evaluation and
surgical correction. Circulation 1975;51:767-85.
